Abstract A transfer method of neutron radiography was developed to measure the size of the end plug and a gap of an intact K102L-2, the irradiated fuel of a ballooned K174L-3, a ballooned and ruptured K98L-3. A typical irradiation time of 25 min. was determined to obtain a film density of between 2 and 3 of SR X-ray film with neutrons of 1.5 × 10 11 n cm -2 . To validate and calibrate the results, a RISO fuel standard sample, Cd plate and ASTM-BPI/SI were used. An activated latent image formed in the 100 μm Dy foil was subsequently transferred in a dark room for more than 8 hours to the SR film which is a maximum of three half-lives. Due to the L/D ratio an unsharpness of 9.82-14 and a magnification of 1.0003 were given. After digitizing an image of SR film, the ballooning gap of the plug was discernible by an H/V filter of image processing. The gap size of the ballooned element, K174L-3, is equal to or greater than 1.2 mm. The development of a transfer method played a pivotal role in developing high burn-up of Wolsung and PWR nuclear fuel type.
Introduction
The non-destructive testing of transfer neutron radiography is performed on nuclear irradiated fuels. The basic difference between neutron radiography and X-ray (or gamma-ray radiography) is their attenuation characteristics inside the object. In the former, it is from a neutron-nucleus interaction, while in the latter the beam attenuation is caused by X-ray-orbital electron interaction in the object, which provides striking difference in their mass attenuation coefficient of the objects. Different isotopes may have a very different neutron cross sections and thus neutron radiography(NR) may reveal the distribution of a particular isotope in a sample [1] . One of the main fields of NR application is the nuclear industry. For example, radiography tests can be conducted for the location of pellets of 235 U in fuel elements intended to contain only 238 U as well as on the crack, swelling, gap size of plug [2] . Using a transfer exposure method, in which the build-up radioactivity of dysprosium(Dy), indium(In) and gold(Au) screens can be subsequently exposed on a film in a dark room, allowing testing of highly radioactive objects, such as irradiated nuclear fuel. Due to the high radioactivity of a nuclear fuel, a direct method of NR can not be used [1] .
The transfer method of neutron radiography is mobilized for an inspection of post irradiated nuclear fuel pins, U3Si clad with Al, in which several types of indications of swallowing, crack, ballooning, plug gap and thinning occurred [3] [4] [5] [6] . [3] [4] [5] [6] . In addition to a precision measurement of the pins structure, the irregularity of the cracks, void, porosity, humidity concentration, corrosion and ballooning are detectable by a transfer method of NR. A transfer method has been developed to inspect the irradiated fuels. To enhance a digital image of a gap in irradiated fuels, which vertically appears, the directional filter method is applied.
Theoretical Background of the Method

Neutron Radiography and Cross Sections
The detection of defects by radiography is based on the observation of the differences in radiation intensity after passing through the object under examination. This occurs according to the basic law of radiation attenuation. In neutron radiography, a nuclear cross section quantifies the probability that a reaction takes place between the neutron and the target material. This can be considered using a target size measured by cm is the sum of these two [1] . )
. The attenuation characteristics are described as following Eq. (5)
Neutrons incident upon the sample
Neutrons transmitted through the sample
Using binominal theorem, Eq. (5) can be rewritten as.
Eq. (6) can be rewritten as below
The product  of Eq. (4) is represented by the symbol ∑  in a macroscopic cross-section and is the total area for a given neutron interaction presented by a cubic centimeter of the material. Thus, for this case Eq. (4) can be rewritten as Eq. (7).
The third form, the mass absorption coefficient, is denoted by the symbol   and is related to the macroscopic cross-section by the relationship.
where  is the density (g.cm 3 ). The mass absorption coefficient is the total target area for a given neutron interaction per cubic centimeter of material per unit density. It is therefore more convenient to expresses values for solids and gases, the densities of which normally differ by several orders of magnitude. In this Eq. (4) is expressed as
where  has the dimension of g cm -2 . The values of ∑ and   are given and an example of the calculation of ∑ for a compound is also given. It should be noted that there is a also a cross section called the linear absorption coefficient with the dimension of cm -1 .
Assuming that the property of the nuclear species is unaffected by consideration of the molecular or crystal structure in which it resides, the macroscopic cross-section for a compound can be calculated from the summation of the macroscopic cross-section of each nuclear species [1, 8] . 
Standard Sample and Irradiated Nuclear Fuel
To validate and calibrate the results, a RISO fuel standard sample, Cd and ASTM-BPI (beam purity indicator)/SI(sensitivity indicator) are used [1, 8] . Visual tests on the three elements of intact K102L-2, irradiated K98L-3 and irradiated K174L-3 taken from KFC-026 were conducted, respectively as shown Table 1 . The design structure of the fuel element is shown in Fig.1 . When the transfer method is applied, a typical irradiation time is required to obtain a film darkness density to be between 2 and 3 for
Kodak SR film [1, 7] . The nuclear sample pins are exposed for 25 minutes at the first neutron exposure room of 10 7 n cm 2 /sec flux. 14) Determine the transfer time.
* note: The Dy transfer time shall be at least 8 hours for maximum of three half-lives [7] 15) Move the film into the developing room.
Result and Discussion
An unsharpness,   , of the geometrical blur effect is determined by Eq. (15). [8] . image, noise removal (using median filter preserving edges) method, enhancement of selected image using histogram equalization method, sobel operator method and Laplacian of Gaussian method in Fig. 3 (a-d) [9] . Its size is equal to or greater than 1.2 mm in Fig. 3 (e). It was proved by a post irradiation examination revealed almost the same size shown in Fig. 4 .
From a view of the image density of ballooned element K174L-3 and ballooned/ruptured element K98L-3, there is no evidence of water in the 1.2 mm gap, which implies that the ballooning and rupture was not likely owing to water ingress from a leak path through the cladding, end weld or end plug. 
Conclusion
Based on this study, following can be concluded.
1) The technique of the transfer method of NR accompanied with its procedures and system was developed for an inspection of irradiated nuclear fuels.
2) The transfer method of a neutron radiography was carried out to measure the size of the fuel end plug and gap of an intact K102L-2, ballooned K174L-3 and ballooned/ruptured K98L-3, respectively.
3) The gap size of ballooned elements K174L-3 and ballooned/ruptured K98L-3 are equal to or greater than 1.2 mm based on an image processing of a vertical/horizontal filter. This 
